Abstract In this work,
Introduction
Particularly where the most precious nutrients are concerned, and for use in especially retentive soils, efforts have been made to find types of nutrient compounds which would be at the growing plants' disposal to as complete an extent as possible. In addition to inorganic fertiliser salts, various kinds of complex compounds have been developed. The aim has been to produce trace element compounds which will remain useful in plants even under difficult conditions, while, on the other hand, their leachability must not be too great.
In this work three different copper compounds were tested; CuS0 4, Cu-EDTA and Cu-lignosulphonate. Copper sulphate is a salt which dissociates into ionic form, Cu-EDTA is a chelate-form, small-molecule complex compound, and copper lignosulphonate is a large-molecule complex formed by organic acid; in this complex, several metal ions are attached by different kinds of bonds to the same organic molecule.
EDTA chelates have been used for fertilisation purposes to a certain extent in Finland since comparatively acidic soils are tilled in this country, and of the ligands usually used for chelating (EDTA, DTPA, EDDHA etc), EDTA chelates reveal the best permanence in slightly acidic conditions (Nabhan et al. 1977 ).
Because of the low raw-material costs involved, lignosulphonate complexes would be advantageous, providing their effectiveness in the soil was adequate. In this project, Cu lignosulphonate manufactured at the Oulu research institute of Kemira Oy was compared with copper sulphate and commercial Cu-EDTA.
Material and methods
The most important properties of the four soil types used in the tests are set forth in Table 1 . The soil samples, which had been taken from the surface layer (0 -2O cm)
of land under active cultivation, were dried at room temperature, crushed and screened through a 5 mm screen. One half of each sample was supplemented with CaCO, lime. The pH of the limed soil was 7.02 7.35 at the beginning of the tests.
The soil samples were packed in acrylic plastic tubes, which had an internal diameter of 74 mm and a height of 350 mm. A vibrator was used to achieve the standard packing density. The volume of the packed soil sample was 1 dm 3 .
When the soil layers had been moistened to field capacity, 10 ml of the following solutions were soaked into their surfaces as small drops. The tubes were covered with plastic film. The following day leaching was begun, using distilled water and the test arrangement shown in Fig. 1 . The flow rate was I-2 ml/min, depending on the water transmission capacity of the soil layer; water was not allowed to accumulate in the tubes. The silty clay soil, which allowed water to seep through only at a rate of 10 ml/d, was an exception in this respect. 500 ml of percolate was collected in the course of a working day. After four days of leaching, a two-day pause was taken, after which the leaching continued for a further five days. The total amount of water used was 9 X 500 ml = 4 500 ml . 500 ml of water corresponds to 115 mm of precipitation. Two days after the last addition of water, the tubes were emptied. The soil columns were each divided into three fractions: The copper content of each percolate fraction was determined by atomic absorptiometry. The Cu extractable by the HAAc + EDTA solution was determined in the soil layers by using method B (see Table 1 ) and the overall copper content by using method C.
Two series of tests were included in the test programme:
Series 1: the addition of solutions I-3 to unlimed soils Series 2: the addition of solutions I-3 to lime-enriched soils Each series comparised three parallel tests. The solutions mentioned above had not been added to the control tubes.
Water percolated through the silty clay sample which had not been enriched with lime at a very slow rate (about 10 ml/d). For this reason, the test results for this soil are not completely comparable with those obtained for other soil types.
Results

Copper leaching
As Table 2 and Fig. 2 show, the pH has a significant effect on the leaching of CuEDTA only. The influence of the pH was obvious in mineral soils (finesand, silty clay), through which <4 % (<0.05 mg) of the copper added as CuEDTA was flushed when the pH was about 5, but at a pH of about 7 the corresponding figure was 14 22% (= 0.18 0.28 mg). In organogenic soils (Carex-Sphagnum peat, mould), the corresponding figures were <2 % (<0.02 mg) at pH 5 and s-lo % (0.06 0.13) mg) at pH 7. In lime-enriched soils, copper added as CuLS or as CuS0 4 was not leached at all, and also in soils to which lime had not been added, there was very little copper leaching.
However, the difference when compared with the 0 tests is not statistically significant Leaching was greatest during the first day. 
Copper retention in the soil
As can be seen from Table 3 , the main part of the copper added to the soil remained in the surface stratum. The amount that was carried downwards depended both on the copper compound added and on the type of soil and its pH.
In finesand soil, about 60 % of the CuEDTA added remained in the surface stratum, nearly all of it in a form extractable by a HAAc + EDTA solution;
the pH was not of noteworthy importance. Between 68 % and 75 % of the copper added as CuLS and CuS0 4 remained in the surface stratum when the CuEDTA had penetrated below the surface stratum, but at pH 7 this figure was down to slightly under 10 %.
Discussion
The fixation of nutrient metals into organic complex compounds in soil before they are taken up by plants appears to be quite common, and is perhaps one of the principal reactions in the supply of nutrients. The stability of these humus metal complexes depends on the metallic components in the following way (Brogan 1966 The lower the pH, the smaller the chelate formation tendency. Although soil science has mostly focused its study of organometallis compounds on ligands found in soil, it can probably be assumed that artificially created lignosulphonate complexes will behave in nearly the same manner as organic complex formers in the soil (humic acid and fulvic acid).
When a copper sulphonate is used, the copper yields benefits in comparison with those of a dissociating salt, if the LS complex is sufficiently stable to prevent »precipitation».
The retention of lignosulphonate complexes in soil may follow the pattern mentioned by Brogan (1966) of stability of various metallic humus complexes. Polish studies (Sapek 1973) have also shown that a CuLS complex, which is regarded as the most stable, is retained in the liquid phase of soil better than LS chelates of other metals.
However, according to Sapek's studies, the stability of the LS chelates was not sufficient. Only the CuLS complex was slightly superior to sulphatefrom copper in this respect.
Also in this series of laboratory tests, the difference between CuS0 4 and Cu lignosulphonate proved small in regard to the factors analyzed, but, in contrast to Sapek's results (1973) , the differences compared with CuEDTA chelate were not very considerable. Nor were clear extractability differences in regard to copper retention in the soil found in this study (compare Kähäri and Jaakkola 1977) .
Probably it can be assumed that the stability of lignosulphonate complexes under difficult conditions is not adequate to ensure a clear advantage over metallic compounds in salt form.
